Motivated by experiments on the generation of streaming plasmas in high energy density facilities, industrial setups, and fundamental dusty plasma research the plasma polarization around a test charge in streaming plasmas is considered. The induced charge density distribution of plasma constituents is discussed for the subsonic, sonic, and supersonic regime. Also, it is shown that the plasma polarization in the vicinity of the test charge shows different scaling in subsonic and supersonic regimes.
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Introduction: Screening of a test charge is one of the most fundamental issues of plasma physics. While screening is very well understood in a equilibrium case [20, 21] , there is no consistent physical picture of this effect in streaming plasmas. Streaming plasma attracts growing interest as typically plasma in the experiments is far from the thermodynamically equilibrium state. Examples of plasma in such regime include complex (dusty) plasma [1, 2] , dense plasma [3, 4] , so-called warm dense matter [5] , and ultrarelativistic plasma [6] generated by a beam of energetic particles. A very active consideration of the streaming induced phenomena is in the field of complex plasmas as it allows for studying physical properties of charged many particle systems on the kinetic level [7] and experiments on the generation of streaming plasmas in high energy density facilities [8] [9] [10] as well as industrial setups [11] [12] [13] . Complex (dusty) plasma is a partially ionized plasma with an additional component of micron and submicron sized charged "dust" particles [7] .
For recent results on the screened charge potential in streaming plasmas see e.g. Refs. [4, [14] [15] [16] [17] and references therein. A main observation is that there is a significant deviation from the Yukawa type screening. In particular, a wake field around the test charge is formed, creating an attractive force for other like-charged particles downstream. The topological characteristics of the wake field strongly depends on the type of the energy (velocity) distribution of the plasma particles [15, 18] and on the configuration of the external electric as well as magnetic fields [19] .
An appropriate analysis of the induced charge density around the test charge gives a clear answer with respect to the correct physical picture. To this end, in this paper, we present the results of induced charge density around the test charge and analyse the relevant plasma polarization effects. The results are obtained from high resolution linear response calculations which have been validated against PIC simulations [14, 18] .
Linear response approach: In the experimental complex plasmas, the distribution of the flowing ions is non-Maxwellian and significantly differ from the shiftedMaxwellian [32] . Compared to the Maxwellian (shiftedMaxwellian) case, the most prominent feature of the ion wake in the non-Maxwellian case is that the screened potential has solely a single main maximum in the trailing wake instead of an oscillatory wakefield [16] . This is the result of the ion-neutral collisions accompanied by the charge exchange effect [20] . In contrast, the much lighter electrons can be described by equilibrium Maxwellian distribution.
Therefore in this work the dielectric function based on the non-Maxwellian distribution of the ions is used to calculate the induced charge density around test charge. The dielectric function obtained in the relaxation time approximation reads [32, 33] (k, 0) = 1 + 1
where τ = T e /T n is the ratio of the electron temperature to the temperature of atoms (neutrals),k is the wave vector in units of v th /ω pi , v th is the thermal velocity of atoms, ω pi is the plasma frequency of ions, ν i is the the ion-neutral collision frequency in units of ion plasma frequency, the Mach number M = v d /c s is defined as the ratio of the ion streaming velocity v d and the ion sound speed c s = k B T e /m i , and ... = ∞ 0 ...exp(−x) is the average involving following functions:
Using dielectric function (1), the induced charge density is calculated according to the following formula:
arXiv:1709.09531v1 [physics.plasm-ph] 27 Sep 2017
where Q d is the dust (or test) particle charge. The computation of the induced charge density in real space is based on a numerical three-dimensional Discrete Fourier Transformation (3D DFT) on a large grid with resolutions 4096 × 4096 × 16384 [34] . In order to handle 3D grids of this size, the recently introduced high performance linear response program Kielstream is used [35] .
Without loss of generality, we consider a grain charge of Q d = 10 4 e. Specific parameters are fixed temperature ratio τ = 100, and the ion-neutral collision frequency ν = 0.01, which is close to the collisionless case. The Mach number is varied in the range M = 0.1...2.8. Note that for very small ion streaming velocities the linear response approach may not be applicable due to strong dust-plasma interactions. Also, justification of the consideration of very large values of M can be problematic due to possible manifestation of the instabilities [16, 33] .
Total induced charge density distribution: As a representative example, in Fig. 1 contour plots of the screened test charge potential and of the induced charge density distribution in the sonic case, M = 1, are shown. It is seen that the pattern of the induced charge density has completely different topological structure than one obtains from the intuitive picture of an ion cloud focused at some distance from the test charge. Instead it has the shape resembling candle flame. The systematic trend of induced charge density in the cases of subsonic and supersonic regimes are presented in Fig. 2 . The main feature to be noticed, is that the characteristic flame type shape is preserved, but become more prolonged in the direction of the streaming with increase of the Mach number.
In Fig. 3 , the induced charge density profile along z axis, which is parallel to streaming direction and passes the test particle location, is given. With increase of the ion flow velocity M , in the space upstream direction of the test charge, z < 0, the induced charge density decreases, whereas behind the test charge, z > 0, increases. This results in weaker screening at z < 0 and appearance of an area, at z > 0, where another like charged test particle is attracted. Most importantly, from one can clearly see that there is no prominent maximum (oscillatory wake) at z > 0.
In Fig. 4 the value of the accommodated charge due to streaming is presented. Large amount of the induced charge can be displaced from the vicinity of the test particle and congregated as the accommodated positive charge behind test particle, at z > 0. Additionally, the amount of the accommodated charge can not exceed the absolute value of the test particle charge. First, at M < 0.5, increase in the Mach number leads to the fast increase in the total value of the accommodated charge. After that, the total value of the accommodated charge saturates approaching |Q d |.
Conclusions: Consideration of the plasma polarization around test charge taking into account the nonMaxwellian distribution of the flowing ions has revealed that the induced charge around test particle does not have neither prominent maximum nor an oscillatory pattern. The shape of the induced charge is "candle flame" type. The calculation of the induced charge density around test particle has shown that the streaming leads to the polarization of the charge distribution with accom- FIG. 4 . Total value of the charge enhancement as the function of the ion flow velocity. Note that absolute value of the total charge depletion around the test particle resulted by deviation from the equilibrium (Yukawa) case is equal to the total value of the accommodated positive charge.
modation of the positive charge behind dust particle and charge depletion in direct vicinity of the test particle.
